We report new measurements of the near infrared (NIR) Xe * 2 excimer fluorescence in an electronbeam-excited Ar (90%)-Xe (10 %) mixture at room temperature. Previous measurements up to a density N ≈ 2 × 10 26 m −3 discovered a broad excimer fluorescence band at ≈ 7800 cm −1 , whose center is redshifted by increasing N [A.F. Borghesani, G. Bressi, G. Carugno, E. Conti, D. Iannuzzi, J. Chem. Phys. 115, 6042 (2001)]. The shift has been explained by assuming that the energy of the optical active electron in the molecule is shifted by the density-dependent Fermi shift and by accounting for the solvation effect due to the environment. We have extended the density range up to N ≈ 6 × 10 26 m −3 , confirming the previous measurements and extending the validity of the interpretative model. A detailed analysis of the width of the fluorescence band gives a value of 2.85 nm for the size of the investigated excimer state. Such a large value lends credibility to the validity of the proposed explanation of the experimental findings.
Introduction
Irradiation of a noble gas sample with ionizing particles [2] [3] [4] [5] , with lasers [6, 7] , or with synchrotron light [8] may produce, in addition to excited and ionized atomic species, molecular excited states, such as Xe 2 , for instance, which are called excimers. Upon decay, excimers release a large fraction of the absorbed energy in the vacuum ultraviolet (VUV) range that is exploited in many applications. For this reason noble gas excimers play a significant role in many areas of physics.
In the laser physics area, ultraviolet-and vacuum ultraviolet lasers exploit excimers as light-amplifying media or as intermediate products in the kinetic chain leading to the population of the lasing level [4, 9] .
Excimer VUV fluorescence of noble gases is also used in scintillation particle detectors [10] . Fluorescence is the final step of the degradation of the energy released in the detector medium by an ionizing particle. The transition from the first excited excimer level to its dissociative ground state produces the VUV radiation [11] that signals the passage of the energetic particle.
Among rare gases, Xe is particularly studied for several reasons. For particle-detection purposes, in fact, it a e-mail: borghesani@padova.infm.it combines a large atomic weight with a high scintillation yield and its VUV fluorescence occurs at the longest wavelength, thus making it more technologically amenable. Moreover, from a fundamental point of view, its excimers are more complex than those of other noble gases because of the larger spin-orbit coupling and overlap of atomic configurations.
The physical processes leading to excimer fluorescence in rare gases in low density limit are very well-known [3, 4, [12] [13] [14] [15] [16] [17] [18] [19] [20] . The potential curve of diatomic rare gas molecules in the ground state is repulsive except for a weak van der Waals attraction. An excited electronic state of the molecule can be obtained by promoting an electron to a Rydberg-like molecular orbital, whose nature may be either bonding or repulsive. Owing to the dissociative nature of the ground state, transition to it from a higher lying excimer level gives origin to fluorescence bands, whose width is related to the steepness of the potential of the molecular ground state.
In the case of Xe, two such VUV bands, named firstand second continuum, have been observed [7] . The first excited excimer levels Xe * 2 (1 u , 0 − u ) and Xe * 2 (0 + u ) (in the Hund's case c) or 1 Σ + u and 3 Σ + u (in the notation, in which spin-orbit coupling is neglected) are produced in the collision of a neutral atom in its ground state Xe ( 1 S 0 ) with 
The symbol * indicates an excited state. Subsequent radiative decay to the repulsive 0
leads to the emission of the bands centered at 148 nm (first continuum) and 173 nm (second continuum). The former band is attributed to transitions from higher vibrational levels of the excimer level deriving from the A6s atomic configurations and is observed at very low pressure (P < 100 Pa). The latter band, exploited in Xe gas based detectors, appears and dominates at higher pressure because it occurs after vibrational relaxation of the excited molecule. Much less attention has been devoted to possible infrared (IR) or near-infrared (NIR) fluorescence, related to transitions between higher lying excited states of the rare-gas dimers in pressurized gas, although some broad bands have been observed in noble gases at intermediate pressure (0.05 < P < 0.5 MPa) [2, 22] , IR scintillation has been detected in liquefied Ar and Xe [23] , and atomic IR scintillation has been revealed in alpha-particle-excited noble gas at low-pressure (10 < P < 50 kPa) [24] [25] [26] .
Only recently, a strongly peaked NIR fluorescence band has been detected at moderately high pressure (P < 0.9 MPa) in pure Xe and in an Ar-Xe mixture, both excited with an energetic electron beam [1] . The band, centered around λ −1 ≈ 7800 cm −1 , has been attributed to a transition between bound-and dissociative levels of the Xe 2 excimer, which are lying higher in the energy relaxation pathway that eventually leads to the population of the excimer levels responsible of the VUV continua.
The observed fluorescence spectra in pure Xe and in the Ar (90%)-Xe (10%) mixture are similar because they are both due to the de-excitation of the Xe * 2 excimer. In fact, energy transfers from Ar to radiative states of Xe * occurs readily and heteronuclear three-body collisions of the type Xe * + Xe + Ar → Xe * 2 + Ar (4) lead to the formation of the Xe 2 species even in the mixture [9] . The main feature shown by the observed NIR band is that its center is red-shifted upon increasing the gas pressure. The wave number of the band peak decreases linearly with the gas density N up to N ≈ 2 × 10 26 m −3 = 7.5N i.g. . N i.g. = 2.65 × 10 25 m −3 is the density of the ideal gas at temperature T = 273.15 K and pressure P = 0.1 MPa.
The density dependence of the properties of the NIR band have been interpreted in terms of the influence of the environment on the excimer [1] . It is assumed that the higher lying Rydberg-like levels of the excimer are modified by two density-dependent effects. The first one is the solvation effect due to the presence of the atoms of the host gas. Many of them are encompassed within the large orbit of the electron in the Rydberg-like state and screen the Coulomb interaction between the electron and the Xe + 2 core, leading to a reduction of the difference between the energy levels. Thus, the solvation always moves the transition to longer wavelengths.
The second effect is due to the quantum nature of the electron and to its interaction with the atoms of the host gas. On a large orbit, the electron is quite delocalized and its wave function spans a region containing several atoms, with which it is thus interacting simultaneously. This fact leads to a density-dependent shift of the energy of the electron ground state that is negative or positive depending on whether the electron-atom interaction is either attractive or repulsive [27] .
This interpretative model of the observed red-shift gives good agreement with the experimental data in the investigated density range.
It is to note that this phenomenon is related to the modifications of the molecular properties of Wannier-Mott-type impurity states in high-density liquids [28] , which have a unique parentage to the Rydberg states of an isolated molecule in a low density gas [29, 30] . Moreover, it would be interesting to ascertain why NIR excimer fluorescence has not been detected yet in liquefied rare gases, except superfluid He II [31] [32] [33] .
In the previous measurements [1], it has been also observed that the width of the fluorescence band increases linearly with the gas density in both the pure gas and the mixture. It is known that a linear increase of the width of a band or line with increasing density is due to an increase of the collision rate, which decreases the mean lifetime of the atomic or molecular species. The analysis of the broadening of the band may therefore lead to the evaluation of the collision cross-section of the excimer and to an estimate of its size that would allow the verification of the conditions, under which the model of the excimer as a Rydberg-like atom is valid. This analysis was not carried out in the previous measurements [1] .
For these reasons, we have carried out further and accurate measurements of the NIR fluorescence in the Ar-Xe mixture by extending the investigated density range up to N ≈ 6 × 10 26 m −3 ≈ 24N i.g. , approximately 3 times larger than in the previous measurements. The goal is to confirm the validity of the interpretative model.
Experimental details
The experimental goal is the detection and analysis of the NIR spectrum emitted by a gas sample at high pressure and excited by an ionizing electron beam. We have used the same apparatus described in detail in the previous paper [1] . We report here only its main features and some minor modifications. The electron beam is produced by a home made electron gun described in a previous work [34] . Electrons are injected in 50−ns-long pulses with energy ≈70 keV. Each pulse contains ≈5 nC charge and the pulses are repeated at a rate of ≈100 Hz. The beam enters the gas chamber through a 25−µm-thick Kapton film. Upon
